In this paper we report the preparation of two (η 3 -allyl)carbonylnitrosyltriphenylphosphine iron complexes i.e.(π-allyl)carbonylnitrosyltriphenylphosphine iron (1) and (2-methyl-π-allyl) carbonylnit rosyltriphenylphosphine iron (2). These complexes (1) and (2) were prepared by reacting (πallyl)dicarbonylnitrosyl iron and (2-methyl-π-allyl)dicarbonylnitrosyl iron with triphenylphosphine under inert atmospheric conditions. Both the resulting complexes were sufficiently and well characterized by IR, 1 H NMR, 13 C NMR, ESI/MS, HRMS and single crystal XRD. Triphenylphosphine ligand was found to be strong sigma donor and replaced carbonyl ligand readily. XRD revealed that the geometry of iron in both complexes is distorted octahedral.
The allyl ligand is of great interest and has been widely used in several synthesis and transition metal mediated reactions [1] . Iron allyl complexes have been reported previously as versatile intermediate in organic synthesis [2] [3] [4] . Catalysis based on such metal complexes has been recognized as powerful synthetic tool in organic synthesis [5] . This is because in such transition metal allyl complexes, metal-ligand bond is generally weaker than normal covalent bond. Moreover, due to variable oxidation state property of transition metal, there is a unique possibility of switching reversibly between different oxidation states by redox reactions. It is well established in the literature that η 3 -allyl iron can be synthesized from many organic compounds and possess amphiphilic reactivities with high regio and stereoselectivity [6, 7] . (η 3 -allyl)dicarbonylnitrosyl iron complexes possess very rich structural features and characteristics. For instance, these complexes exhibit endo-exo and syn-anti isomerism as well as planar chirality of allyl ligands. Their other challenging characteristics include metal center chirality due to the pseudo tetrahedral coordination of the iron atom by four different ligands [8] . In 1974, Cardaci reported some findings about the effect of different substituent on allyl moiety on the structure of (π-allyl)Fe(CO) 2 (NO) and their phosphine derivatives [9] . We have previously also reported synthesis and detailed structural studies of [(η 3 -allyl)Fe(CO) 2 (NO)] using tetrabutylammonium ferrate and several allyl substrates such as allyl chloride and ally bromides [10] . In this paper we report synthesis and structural aspects of two (η 3allyl)carbonylnitrosylphosphine iron complexes. The purpose of the study was to investigate the structural and bonding aspects of these novel complexes for their possible use in catalysis. Catalytic studies are under progress and will be communicated soon.
Experimental part Material and methods
All the reactions and necessary manipulations which are sensitive to air and moisture were performed with rigorous exclusion of air and moisture under an atmosphere of dry nitrogen by using high vacuum Schlenk techniques. All chemicals were purchased from E-Merck (Darmstadt, *email: imran_inorganic@yahoo.com; ktm7ro@yahoo.com, Phone: 0040/725160304 Germany). Nuclear magnetic resonance (NMR) spectra were recorded with BRUCKER Avance 500 spectrometer at 500 MHz ( 1 H NMR), 125.7 MHz ( 13 C NMR) at ambient temperature, tetramethylsilane (TMS) as internal standard. The IR instrument used was BRUCKER Vector 22 FT-IR spectrometer. Low resolution mass spectrometry (LRMS) and High resolution mass spectrometry (HRMS) of the allyl iron complexes was done using BRUCKER Type micro-TOF-Q (ESI). Crystal structure of the complexes were determined by NICOLEF P3 four-cycle diffractometer (Eulerian cradle), measurement method used was Wyckoff SCAN. X-ray cr ystallographic data/parameters for compounds (1) and (2) have been given in (table 1) .
Preparation of (π-allyl)carbonylnitrosyltriphenyl-phosphine iron (1) .
A mixture of (π-allyl)dicarbonylnitrosyl iron complex (0.367 g, 2.0 mmol) and triphenylphosphine (0.524 g, 2.0 mmol) was stirred in 20 mL dry benzene at 50 o C in a closed schlenk flask for 20 h, stopped the reaction and solvent was evaporated under vacuum using a condenser bridge connected to a cooling trap. The resulting red solid was purified and crystallized by making a saturated solution of this solid in dry dichloromethane layered with n-hexane and by slow cooling up to -18 o C for 3 days. The resulting solid was then isolated by filtration under nitrogen, washed with n-hexane and dried in vacuum. Single crystal was obtained by again dissolving small quantity of this solid in dry dichloromethane layered with n-hexane, followed by slow cooling up to -18 o C for one week.
Carbonylnitrosyl(π-allyl)triphenylphosphine iron complex (1) .
IR, ν/cm -1 : 1916 (CO), 1685 (NO). Preparation of (2-methyl-π-allyl)carbonylnitrosyltriphenylphosphine iron (2). This complex was synthesized by the same procedure as adopted above for complex (1) by reacting a mixture of (2-methyl-π-allyl)dicarbonylnitrosyl iron complex (0.394 g, 2.0 mmol) and triphenylphosphine (0.524 g, 2.0 mmol). However, the resulting residuet was column chromatographed on silica gel using petroleum ether and dichloromethane (3:1) as eluent, the first fraction was starting material followed by complex (2) . Solvent was then evaporated and the resulting orange solid was crystallized from a saturated solution of this solid in dry dichloromethane layered with dry n-hexane as described for complex (1) . 
Results and discussions
(η 3 -allyl)carbonylnitrosyltriphenylphosphine iron complexes were synthesized by ligand exchange reactions of (π-allyl) iron complexes with triphenylphosphine ligand. It was observed that during these reactions one of the carbonyl ligand was replaced by triphenylphosphine ligand as shown below. (1) AND (2) The synthesized complexes (1) and (2) were purified by suitable techniques and characterized by infrared, nuclear magnetic resonance spectroscopy, low resolution mass and high resolution mass spectrometry. Both the complexes (1) and (2) are colored solids (red, 1; orange, 2) and sensitive towards air and moisture, therefore all work up was carried out in an inert atmosphere.
IR spectra of complexes (1), (2) The IR spectra of carbonylnitrosyl(η 3 -allyl)triphenylphosphine iron complexes (1), (2) show absorption bands in the range of 1917 cm -1 to 1902 cm ×1 and 1655 cm -1 to 1686 cm ×1 which can be assigned to carbonyl stretching and nitrosyl stretching respectively [10] .
NMR studies and Mass spectrometry 1 H NMR spectra of complexes (1), (2) The 1 H NMR spectrum of carbonylnitrosyl(ç 3allyl)triphenylphosphine iron complex (1) was recorded in d 6 -acetone at ambient temperature and is represented in (Fig. 1a ). This shows a multiplet signal in the aromatic region integrating to 15 H and can be assigned to 15 protons of triphenylphosphine ligand. However, the allylic part of this spectrum is quite complicated, it is difficult to assign five different signals for five allylic protons in this region. It may reveal either the presence of dynamic phenomenon or asymmetry of protons due to partial localization of the double bond. This complex (1) in solid state structure, exists in two isomeric forms, exo and endo as revealed by single crystal XRD studies (Fig. 4) . It is therefore can safely be assumed that in solution, there might be the fast interconversion of exo in endo isomer rendering the assignment of the chemical shift to specific protons difficult. Furthermore, in exo-isomer, there is strong difference in C-C bond lengths (1.21 Å vs 1.60 Å) which points into the direction of one C-C bond of allylic ligand possessing more of an olefinic character.
In 1 H NMR spectrum of carbonylnitrosyl(2-methyl-πallyl)triphenylphosphine iron complex (2), also show a multiplet at 7.47-7.68 ppm and can be assigned to triphenylphosphine ligand (Fig. 1b) . Solution NMR studies of gold complexes containing triphenyphosphine as ligand shows same chemical shift for phosphine ligand [11, 12] .
A singlet at δ 1.0 ppm is assigned to protons of methyl group. Four signals in the form of singlets and broad singlets from 2.80 ppm to 3.54 ppm can be assigned to four allylic protons resembles to the literature [13] . The presence of four signals for allylic protons indicate either the presence of dynamic phenomenon or asymmetry of protons due to partial localization of double bond similar to that of complex (1). 13 C NMR spectra of complexes (1), (2) In the 13 C NMR spectrum of complex (1) (Fig. 2a) , a doublet appears at δ 223.83 ppm with a coupling constant Jcp = 22.05 Hz and can be attributed to carbonyl carbon. This doublet is due to the coupling of phosphorous of triphenylphosphine with the carbonyl carbon. A set of signal which appear in the range from δ136.3 ppm to δ 129.4 ppm can be assigned to aromatic carbons of triphenylphosphine ligand. Similar assignment for carbon atoms of triphenylphosphine ligand has been reported in the literature [11] . The central carbon of allyl moiety appears at δ 94.75 ppm. A signal at δ 59.0 ppm integrating to two carbons was assigned to the two terminal carbon atoms of allyl moiety. In the 13 C NMR spectrum of complex(2) (Fig. 2b) ,a doublet appears at δ 222.56 ppm with a coupling constant Jcp=20.9 Hz which was assigned to carbonyl carbon. A set of signal in the range from δ 136.9 ppm to δ129.39 ppm belongs to the aromatic carbons of triphenylphosphine ligand. The central carbon of allyl moiety appears at δ 112.7 ppm while a signal at δ 62.0 ppm integrating to the two carbons can be assigned to the two terminal carbons of allyl moiety. Approximately similar chemical shift values for the allylic carbons have been reported in literature [10, 13, 14] . Another signal at δ 22.02 ppm can be attributed to methyl carbon also describe in literature [10, 14] .
ESI/Mass spectra of complexes (1), (2) The ESI/Mass spectra of both carbonylnitrosyl(η 3allyl)triphenylphosphine iron complexes (1), (2) indicate the presence of parent ion and fragmentation due to (a)Carbonylnitrosyl(π-allyl) triphenylphosphine iron(1); (b) Carbonylnitrosyl(2-methyl-πallyl)triphenylphosphine iron (2) successive loss of carbonyl, nitrosyl and allyl ligands (Fig.  3a, Fig. 3b ). Base peak at m/z 389 for complex (1) and at m/z 403 for complex (2) is due to the loss of carbonyl Fig. 2 . 13 C NMR spectra of complexes;(a)Carbonylnitrosyl(πallyl)triphenylphosphine iron (1) (b) Carbonylnitrosyl(2methyl-π-allyl)triphenylphosphine iron (2) ligand from these complexes. This reveals that carbonyl ligand can be readily exchanged. In both spectra, no peak was observed due to loss of only triphenylphosphine ligand indicating strong sigma (σ) donor ability of triphenylphosphine ligand. Fig. 3 . Mass spectra of complexes; (a) Carbonylnitrosyl(πallyl)triphenylphosphine iron (1);
(b) Carbonylnitrosyl(2-methyl-πallyl)triphenylphosphine iron (2) Solid state structure X-Ray crystallography
The molecular structure of the both the complexes (1) and (2) were established from X-ray crystallography and are shown in (Fig. 4 ) and (Fig. 5) respectively. Both the complexes are monomeric with coordination 6 and possess distorted octahedral geometry. Coordination environment around iron in each complex by a phosphorous (from triphenylphosphine), a nitrogen (from nitrosyl), four carbons (from a carbonyl and allyl ligand).
The crystal structure of complex (1) (Fig. 4) has certain remarkable features. Important bond lengths and angles are given in (table 2) . For instance, metal center is coordinated in a distorted octahedral configuration similar to the prior observation by Mattern [15] and Nakanishi [7] . The Fe-N-O angle of 176.8° points into the direction of a cationic ligand bound end-on to the metal, hence, stabilizing the high electron density which is exposed on the metal center. The allyl ligand is coordinated in a η 3mode with the two Fe-C bonds i.e. Fe-C19 and Fe-C21 (2.148 Å vs 2.118 Å). However, due to the position of the nitrosyl ligand the allyl moiety might be oriented in either an exo (NO points away from the allyl ligand) or endo (NO is located under the allyl ligand). Therefore, it allows a comparison of bond length and angles in both endo and exo-diastereoisomers. The relative population of endo-exo in the solid state structure is approximately 4:1. Because of the orientation of the nitrosyl ligand, a significant change in the bond length Fe-C20 is noted.The Fe-C20 in case of endo is 2.092 Å which is 1.770 Å (Fe-C20) in case of exoadduct. Similarly, the C19-C20 and the C20-C21 bond lengths are significantly different. In endo-adduct C-C bonds are of nearly a similar length (1.344 Å vs. 1.405 Å) indicating a fast isomerization of the π -bond. However, in the exoadduct, there is a strong difference in the bond lengths (1.210 Å vs. 1.600 Å), which points into the direction of one C-C bond possessing more of an olefinic character.
The crystal structure of complex (2) is shown in two different projections in (Fig. 5 ). Important bond lengths and angles are given in (table 3) . In this complex, the central allylic carbon atom (C20) is closer to iron at 2.070 Å than the two terminal carbon atoms Fe-C19 (2.129 Å) and Fe-C21 (2.145 Å). The allylic angle (C19-C20-C21) is 117.3°. Furthermore, the bond lengths of the two terminal carbon from the central carbon are nearly identical, C19-C20 (1.372 Å) and C20-C21 (1.472 Å) respectively. The bond distances from the metal atom to the two terminal carbon (C19 and C21) of the allyl moiety are nearly equal (2.129 Å and 2.145 Å). Similarly, C-C bond lengths (C19-C20 = 1.372 Å, C20-C21 = 1.472 Å) in the allyl ligand which are nearly similar indicates a π-coordination of the allyl ligand to the metal center. However, due to the position of the nitrosyl ligand, the allyl moiety might be oriented in either an exo (NO points away from allyl ligand) or endo (NO is located under the allyl ligand) as described above for complex (1) . The crystal structure of this complex (2) however indicates an endo-isomer because NO is located under the allyl ligand. The Fe-CO and Fe-NO angles have been found to be nearly linear (176.3 o and 166.8 o respectively). 
Conclusions
Two novel (η 3 -allyl)carbonylnitrosylphosphine iron complexes i.e. (π -allyl)carbonyl nitrosyltriphenylphosphine iron (1) and (2-methyl-π-allyl)carbonylnitrosyltriphenylphosphine iron (2) have been isolated and well characterized. Geometry of iron in both complexes was found to be distorted octahedral. Moreover, another important phenomenon of an endo-and exodiastereoisomerism has been identified in these complexes and described.
